Introduction
Malarial anemia evolves through extravascular elimination of unparasitized erythrocytes by splenic macrophages, concomitant with bone marrow dysfunction and ineffective erythropoiesis [1] [2] [3] . Early studies demonstrated a shortened lifespan of platelets [4] and uninfected erythrocytes [5] in non-immune patients with falciparum malaria [6] . Ingestion of non-infected and ring-stage infected RBCs by splenic macrophages has been documented by electron microscopy [7] , and evidence for hemophagocytosis by bone marrow macrophages is available [8, 9] . Interaction 1 3
of CD36 with surface-exposed parasite proteins promotes macrophage uptake of infected cells [10] . Moreover, the latter harbor oxidized membrane lipids promoting erythrophagocytosis that can transfer to non-infected cells to increase their macrophage uptake [11] . The contribution of immunological mechanisms to erythrophagocytosis remains less clear. C3d is detectable on a fraction of circulating non-infected erythrocytes by the direct Coombs test and flow cytometry [12, 13] . However, since these cells do not carry IgG, the origin and significance of bound C3 have remained obscure [12, 13] .
The parasite digestive vacuole (DV) was previously discovered to activate the alternative complement pathway [14] . We now show that DVs mediate complement deposition on bystander cells to promote protracted, antibodyindependent hemophagocytosis. In synergy with other pathomechanisms, the phenomenon may contribute to development of anemia in patients with severe malaria.
Materials and methods
RBCs were acquired from citrated blood of healthy donors and from 4 patients with PNH from whom written informed consent had been obtained in accordance with the Declaration of Helsinki. The percentage of PNH cells was 50-60 % in two patients who were on treatment with Eculizumab, and 30-40 % in two patients who were not on treatment. Plasma was obtained by centrifugation at 800×g for 10 min at 4 °C, and cells were washed four times with phosphate-buffered saline (PBS) and used within 24 h. Heat-inactivation was performed by incubating plasma at 56 °C for 30 min.
Monocyte-derived macrophages
Human peripheral blood mononuclear cells were isolated from buffy coats and macrophage cultures prepared essentially as described [15] . Monocytes were resuspended at 1 × 10 6 /ml in RPMI 1640 supplemented with 100 U/ml penicillin and 100 µg/ml streptomycin (PenStrep, Gibco). One million cells were seeded in each well on glass cover slips in 24-well tissue culture plates and allowed to adhere for 1 h. Non-adherent cells were removed, and cells were then grown for 5-6 days in RPMI 1640 medium supplemented with 10 % fetal calf serum (Biochrom AG, Berlin, Germany) and 50 ng/ml rhM-CSF (R&D Systems, Minneapolis, USA).
Parasite culture
Plasmodium falciparum 3D7 was cultured in human A+ erythrocytes at 5 % hematocrit in a standard gas mixture of 5 % O 2 , 5 % CO 2 , and 90 % N 2 in RMPI 1640 (Invitrogen, Karlsruhe, Germany) medium at 37 °C [16] . The medium was supplemented with 10 % heat-inactivated A+ serum, 25 mM sodium bicarbonate (Sigma-Aldrich, Hamburg, Germany), 200 µM hypoxanthin (C.C. PRO, Oberdorla, Germany) and 25 µM gentamicin (Carl Roth GmbH, Karlsruhe, Germany). Parasite culture was tightly synchronized by two successive treatments with 5 % sorbitol at 4 h intervals [17] .
DVs were isolated, enumerated and banked in 50 % glycerol at −20 °C as described [14, 18] . Immediately prior to use, they were washed twice in veronal-buffered saline (VBS) (Virion/Serion, Würzburg, Germany) and, unless otherwise stated, employed at a 1:1 ratio with target cells.
Enrichment of ring-stage parasites
Ring-stage parasites were separated from non-infected RBCs in a Percoll-sorbitol discontinuous gradient [19] . Briefly, tightly synchronized cultures containing 8-10 % ring-stage parasitized RBCs were centrifuged at 800×g for 5 min. Five hundred microliters of packed erythrocytes were resuspended in 2 ml PBS-sorbitol and layered on top of a gradient containing 4 ml 90 %, 3 ml 85 %, 3 ml 80 % and 1 ml 70 % Percoll-sorbitol. The gradient was centrifuged at 10,000 rpm for 20 min using a fixed angle SS34 rotor in a Sorvall RC-2B centrifuge. Ringstage infected erythrocytes were retrieved and washed twice with VBS.
Complement deposition on bystander cells 1 × 10 8 DVs were washed twice with VBS in Eppendorf tubes. To obtain a ratio of DV:RBC of approximately 1:1, 20 µl of 50 % RBCs was added to the pellet and the reaction started by the addition of 200 µl autologous active or heat-inactivated plasma, in which DVs and cells were resuspended and incubated at 37 °C for 1 h in an Eppendorf 5436 thermomixer, rotated at 1,000 rpm/min. As a further control, RBCs were incubated in plasma without DVs. In all cases, results obtained in these controls matched those obtained with heat-inactivated plasma plus DVs, and so results of only one control are shown in each experiment. When PNH-RBCs were employed for subsequent erythrophagocytosis experiments, the concentration of plasma was reduced to 50 % in order to minimize hemolysis during incubation with the DVs. After coincubation, RBCs and DVs were either centrifuged at 17,000×g for 30 s for determination of hemolysis, or, for subsequent erythrophagocytosis experiments, the bulk of DVs was removed by washing four times at 400×g for 40 s in a table-top centrifuge. Samples destined for Western blot analyses were prepared as detailed below.
Filter experiments Two-compartment culture plates (6.5-mm Transwell ® with 3.0-µm pore polycarbonate membrane insert, Corning Incorporated, Corning, USA) were employed wherein the filters separated RBCs in the lower compartment from the DVs in the upper compartment, with active plasma present in both. DVs were omitted in the controls.
Immunofluorescent staining for C3d
Washed RBCs were blocked with 3 % BSA in PBS for 30 min at RT. After washing, RBCs were incubated with polyclonal rabbit anti-human C3d antibody (DakoCytomation Gmbh, Hamburg, Germany) in blocking buffer at 1:50 dilution for 1 h at RT, followed by incubation with Alexa Fluor 594-conjugated goat anti-rabbit IgG diluted 1:500 (Invitrogen, Karlsruhe, Germany) for 1 h. Cells were washed four times with PBS, allowed to settle on polyl-lysine (Sigma-Aldrich, Hamburg, Germany)-coated cover slips and fixed with 4 % paraformaldehyde in PBS for 30 min. The cover slips were washed, dried and mounted with Fluoprep (bioMerieux, France). Slides were examined, and images were acquired in a fluorescence microscope (Axiovert 200 M; Carl Zeiss) using AxioVision Version 4.7 software.
Two-dimensional immunoelectrophoresis
Two-dimensional immunoelectrophoresis was performed as previously described [18] .
Flow cytometric analyses of C3 on RBC DVs and RBC were incubated at a 2:1 ratio in autologous plasma for 1 h at 37 °C. Cells were washed free of DVs and blocked with 3 % BSA in phosphate-buffered saline (PBS) for 30 min at room temperature (RT). To 2 × 10 7 RBCs in 1 ml of PBS were added 20 µl polyclonal rabbit anti-human C3d (DakoCytomation Gmbh, Hamburg, Germany). After 1 h at RT, cells were washed four times with PBS and incubated with Alexa Fluor 488-conjugated goat anti-rabbit IgG diluted 1:250 (Invitrogen, Karlsruhe, Germany) for 1 h at RT. RBCs were washed three times with PBS, and flow cytometric analyses were performed using a FACScan flow cytometer (BD Biosciences).
Western blot analyses
After incubation of RBCs with or without DVs, the reaction mixtures were layered on top of 30, 45 and 60 % Percoll step gradients (GE-Healthcare Munich, Germany) solution and centrifuged at 2,500×g for 15 min at 4 °C in a swinging bucket rotor SW 40 Ti (Beckman Coulter, Optima™ LE-80K ultracentrifuge). RBCs were recovered from the bottom of the tubes and washed twice with VBS, and RBC ghosts were prepared by lysing the cells with 5 mM phosphate buffer pH.8.0 and 1 mM EDTA [20] in the presence of protease inhibitors. RBC ghosts were solubilized with SDS loading buffer, reduced with β-mercaptoethanol and boiled at 95 °C for 10 min. Proteins were separated by SDS-PAGE in 10 % gels. To detect iC3b, Western blots were developed by probing with a 1:2,000 dilution of primary polyclonal rabbit antihuman C3d antibody, followed by 1:2,000 diluted secondary HRP-conjugated goat anti-rabbit IgG antibody (Santa Cruz biotechnology). To detect DV proteins, blots were probed with IgG isolated from a pool of high-titered sera containing antibodies against P. falciparum [18] (diluted 1:500) and developed with secondary HRP-conjugated goat anti-human IgG. Bands were visualized by chemiluminescence [14] .
Hemophagocytosis assays
Opsonized RBCs were offered to macrophages at a ratio of 5 RBC:1 macrophage. The duration of the phagocytosis assays vary according to the target RBCs. As known from the literature [21] , coating of RBC solely with C3b promotes protracted uptake by macrophages. In pilot experiments, this was found to require 8-10 h under our conditions. Once phagocytosed, RBCs remain intact for 3 h and are then digested [22] . Therefore, phagocytosis assays with non-parasitized RBCs were conducted overnight. In contrast, parasitized RBCs are quite rapidly phagocytosed via CD36-dependent and CD36-independent mechanisms. When parasitized cells were employed, it was empirically found that the additional effect of complement opsonization could best be discerned after 60 min. Following the incubation with macrophages, non-phagocytosed RBCs were removed with lysis buffer (150 mM NH 4 Cl, 7.5 mM KHCO 3 , pH 7.2) for 7 min. After one further wash, cover slips were transferred to microscope slides, Giemsastained, and hemophagocytosis was quantified by viewing 350-500 macrophages and expressed as the percentage of cells that had ingested at least one RBC.
Detection of reactive oxygen species (ROS) generation
Twenty microliters of 50 % RBC were loaded with 0.4 mM 2′,7′ dichlorofluorescin diacetate (DCFH-DA) (SigmaAldrich, Hamburg, Germany) for 30 min at 37 °C and then washed four times with VBS. The cells were incubated in 200 µl autologous plasma with DVs at a ratio of 2DV:1RBC at 37 °C as described above. After 30 min, DVs were removed by washing at 400×g for 40 s three times. As a positive control, DCFH-DA-laden RBCs were exposed to 1 mM H 2 O 2 [23] . Cells were analyzed by flow cytometry.
Analysis of 4-HNE conjugates by FACS
4-HNE conjugates on the surface of RBC were detected by flow cytometry using rabbit polyclonal antibodies against 4-HNE [11] (Abcam plc, 330 Cambridge Science park, UK). 1 × 10 7 washed RBCs were incubated with rabbit anti-4-HNE (diluted 1:200) in 0.1 ml VBS for 1 h at room temperature, followed by 1-h incubation with Alexa-594-conjugated goat anti-rabbit IgG (diluted 1:500). As a positive control, late-stage parasitized RBCs were enriched to >80 % and stained as above. Cells were analyzed by flow cytometry.
Immunohistochemistry, polarization microscopy and imaging Brain paraffin sections from autopsies performed at the Department of Pathology, Mahidol University Bangkok, on seven patients who had died of cerebral malaria were immunohistochemically stained for C3d and C5b-9 with the use of the C5b-9 neoantigen-specific monoclonal antibody clone 979/142 produced in this laboratory and a polyclonal antibody against human C3d (DakoCytomation) as described [24] . The same sections were investigated by polarization microscopy, and the images were stacked by CombineZM (http://hadleyweb.pwp.blueyonder.co.uk).
Results

Deposition of activated C3 on bystander erythrocytes
Incubation of RBCs in autologous plasma caused no C3 conversion and no cellular C3 deposition (Fig. 1a) . Presence of DVs in the samples provoked C3 conversion (Fig. 1b) . We have reported that the activating particles become coated with C3 and C5b-9 [14, 18] . Now, the striking finding was made that focal deposits of C3 also became detectable on the bystander RBCs (Fig. 1b) . C3 staining did not derive from adhering DV debris: Western blots developed with pooled, high-titered antisera containing antibodies that recognized DV proteins failed to reveal the presence of parasite proteins on the RBC membranes (not shown).
Upon generation, nascent C3b and C5b-9 must rapidly bind to their targets, failing which irreversible inactivation occurs [25] . The focal distribution of C3 on bystander cells suggested that, due to its half-life of microseconds and binding range of just 30 nm [26] , attachment of the activated component could occur only at sites that directly contacted the convertase-bearing particles. Two-compartment experiments were therefore conducted. When DVs and RBC were separated by a filter, C3 conversion occurred in the DV compartment and cleavage products diffused through the filter to reach the lower, RBC-containing compartment. However, C3 could not be detected on these cells (Fig. 1c) .
Since bystander effects should be magnified on paroxysmal nocturnal hemoglobinuria (PNH)-RBCs lacking CD55 and CD59 [27] , experiments were undertaken using RBCs from 4 patients with PNH. Incubation in autologous plasma with DVs caused substantive lysis of these cells. Notably, this could not have been provoked by simple adherence of complement-bearing DV debris. No hemolysis was observed in the two-compartment experiments (Fig. 2a) . By flow cytometry, no C3d staining was detectable on cells that had been incubated in plasma alone, or on RBCs that had been separated from the DVs by a filter (Fig. 2b) . However, following coincubation with DVs, all cells stained positively, heterogeneity possibly stemming from varying numbers of DV "hits." When cells from a patient with PNH were analyzed, a population of intensely stained cells possibly representing PNH-RBCs was detected (Fig. 2b) .
Western blot analyses corroborated these findings. DVmediated C3 conversion led to appearance of the 63 kDa iC3bα band [28] in plasma (Fig. 2c, compare lanes 2 and  3) . The activation product was absent on control PNHRBCs incubated in plasma alone (Fig. 2c, lane 4) but present on membranes of cells that had been coincubated with DVs (Fig. 2c, lane 5) .
Bystander deposition of C3 promotes erythrophagocytosis
It is known that deposition of C3b alone on RBCs promotes their removal from the circulation [29] , but that macrophage uptake of such cells is protracted [21, 30] . We surmised that this might explain why C3-bearing RBCs can escape splenic elimination and are thus detectable in peripheral blood of malarial patients [12, 13] . Phagocytosis experiments were next performed. Uptake of C3-bearing cells by neutrophil granulocytes or macrophages could not be detected within 4 h. However, interesting findings emerged when the phagocytosis assays were prolonged. While all controls remained negative even after overnight culture (Fig. 3a, left panel) , 5-8 % erythrophagocytosis was observed with normal opsonized RBCs (Fig. 3a, right  panel) , and respective rates rose to 15-20 % with PNHRBCs (Fig. 3b) . Erythrophagocytosis was complement dependent and never occurred following incubation of RBCs and DVs in heat-inactivated plasma.
No evidence that DVs promote erythrophagocytosis via alternative mechanisms
Experiments were performed to exclude that DVs alter RBCs by alternative mechanisms. Free hemozoin can provoke peroxidation of polyunsaturated membrane fatty acids with generation of aldehyde-4-hydroxynenal (HNE), which can be transferred to neighboring cells and promote their phagocytosis [11] . When RBCs were incubated with DVs, however, production of reactive oxygen species (ROS) could not be discerned (Fig. 4a) and no HNE adducts were detectable (Fig. 4b, c) . DV ingestion has been reported to cause macrophage activation [31] . Uptake in these cells is complement independent [31] and occurred in our control samples wherein coincubation of RBCs with DVs was undertaken in heat-inactivated plasma. Hemozoin uptake reportedly induced TNF-alpha in human macrophages [31] , but this was not observed with our DV preparations (unpublished data), whose uptake provoked no erythrophagocytosis without complement. Erythrophagocytosis also was not observed when DVs and RBCs were separated in the two-compartment experiments (data not shown).
Enhanced bystander complement deposition on parasitized cells
During parasite invasion and development, GPI-anchored RBC proteins including CD59 traffic to the parasitophorous vacuole membrane [32] . To determine whether this might magnify bystander complement attack, cultures Merged phase contrast and fluorescence images revealed focal deposits of C3 on the cells. c RBCs in the lower compartment of a culture well were separated by a filter from DVs in the upper compartment. Diffusion of converted C3 to the RBC compartment was ascertained by immunoelectrophoresis of a sample from the lower compartment. However, no C3 deposits were detectable on the cells. Scale bars 5 µm were prepared using RBCs of the same donors above, and ring-stage infected cells were employed as targets. CD36-mediated macrophage uptake of these cells occurs spontaneously [10] , oxidized lipids providing additional signals for erythrophagocytosis [11] . Complement effects were here revealed by shortening experiments to 60 min. Less than 20 % erythrophagocytosis was noted with control cells that had been incubated either in active plasma without DVs (Fig. 5, left panel) , or in heat-inactivated plasma with DVs. However, DV-mediated bystander opsonization led to erythrophagocytosis rates approaching 100 % (Fig. 5, right  panel) . The majority of phagocytosed cells were reduced in size, resembling what has recently been reported as pitting of phagocytosed schizonts [33] . These findings showed that several independent factors could synergize to promote erythrophagocytosis of infected cells.
Colocalization of DVs and activated complement components with sequestered erythrocytes in brain capillaries
In order to obtain an indication whether the described scenarios might occur in vivo, brain paraffin sections from six autopsies of patients who had died of cerebral malaria were analyzed by immunohistochemistry for the presence of activated C3 and C5b-9 and, in parallel, by polarized light microscopy for detection of hemozoin. Indeed, C3d and the assembled terminal C5b-9 complex could be detected in all sections and importantly, they colocalized with and often extended locally beyond the massive accumulations of DVs, which were readily identifiable under polarized light (Fig. 6) . The monoclonal antibody against C5b-9 recognizes a neoantigen that is only present on the assembled terminal complex, and positive immunohistochemical staining thus reveals that complement activation has taken place and occurred to completion at the given sites. 
Discussion
The results of this investigation lead to a new concept regarding the pathogenesis of anemia in falciparum malaria. Due to their propensity to potently activate the alternative complement pathway, DVs that are released into the circulation during the rupture of parasitized erythrocytes become heavily coated with C3-convertases. When these particles collide with host cells, the latter become subject to bystander attack and activated complement components are then deposited on their surface. This will promote C3-dependent macrophage phagocytosis. While the model experiments conducted herein were performed with erythrocytes, the results may naturally also extend to platelets. A simple concept emerges to explain why life spans of uninfected blood cells are shortened in patients with severe falciparum malaria. C3 and C5 convertases assembled on alternative pathway activator surfaces generate C3b and C5b molecules whose short half-lives generally restrict their action to the activating particle itself [25, 26] . Two requirements theoretically need to be met in order for bystander "attack" on innocent cells to occur: (1) high density of the convertases leading to vigorous generation of the activated components (2) close contact between the activator surface and bystander, which will enable a fraction of nascent C3b and C5b-9 to escape fluid-phase inactivation and bind to the target. The fate of the bystander cell will subsequently depend on the presence or absence of complement regulatory molecules and inhibitors. CD55 alias decay-accelerating factor (DAF) promotes dissociation ("decay") of the convertases, while CD59 inhibits insertion of C5b-9 complexes into the lipid bilayer [25, 27] . Both represent key complement inhibitors of the erythrocyte. Their absence on PNH cells accounts for the hemolytic episodes which occur when complement is spontaneously activated in patients' plasma. Delineation of these events showed that bystander attack by complement occurring from the fluid phase is held in check through the presence of the GPI-anchored inhibitors [27] . That bystander attack might analogously be mounted from a solid phase was reported by our group decades ago [34] . Erythrocytes and neutrophil leukocytes were shown to represent susceptible targets in blood passing through oxygenators that at that time were equipped with complementactivating membranes. Since then, the concept of bystander complement attack from solid phase activators has occasionally resurfaced in the literature, but no in-depth investigation has been made with any defined particulate activator. In this regard, the present report fills a long-standing conceptual gap.
The evidence for contact transfer of activated complement components mediated by the DV is compelling. Upon coincubation of DVs with RBCs in autologous plasma, punctuate staining of C3 on the cells became apparent, which indicated the presence of clusters of C3 on the surfaces. The size of the clusters was compatible with the idea that they were generated at sites of collision with DVs. Filter experiments then showed that C3 deposition required such contact: When DVs and RBCs were physically separated, no binding of C3 occurred although complement activation took place to the same extent in the compartment containing the DVs. This finding accorded with the long-known fact that activated C3 has a very short half-life, which is why binding to innocent bystander targets usually does not occur [25] .
That C3 bound to the bystander cells in its activated state was apparent from Western blot analyses, which identified the 63 kDa C3 product that is generated through the cleavage and activation of the native molecule [26] . Again, binding was completely prevented by separating the cells from the activating particles.
Experiments utilizing PNH-RBCs corroborated and extended these results. These cells lack both CD55 (DAF) and CD59 (C5b-9 inhibitor) and would therefore be expected to be particularly vulnerable to bystander complement attack [27] . This was the case: Not only was C3 deposition enhanced, a fraction of the cells even underwent C5b-9-mediated lysis. The latter was also contact dependent, as was expected because of the known short half-life of nascent C5b-9 complexes [35] . This finding provided conclusive evidence that activated complement components had bound directly to the RBCs, because membraneinserted C5b-9 cannot be transferred to bystander cells, and simple absorption of complement-coated DVs or DV debris could not have caused hemolysis. Activated C3 is generally considered to represent a major opsonin. Erythrophagocytosis experiments were therefore conducted, and the results merit special comment. RBCs were incubated with DVs at a ratio of just 1:1 in autologous plasma. After removal of the bulk of DVs, the cells were seeded onto macrophages and erythrophagocytosis rates were determined. The first experiments, which were conducted over the conventional period of 1-4 h, yielded entirely negative results, and no effects of bystander C3-opsonization could be discerned. We then became aware of earlier investigations that had shown macrophage uptake of particles opsonized solely with C3b to be inefficient and protracted [21, 30] . Thereupon, phagocytosis experiments were prolonged overnight, and positive results were obtained. Erythrophagocytosis rates in controls remained in the order of 2 % but rose to 6-10 % with opsonized cells. These rates doubled when PNH-RBC were used as targets.
At this juncture, some very interesting reports in the literature appeared under a new light. In elegant studies, Lauer et al. [32] demonstrated that during parasite invasion and development, GPI-anchored RBC proteins including CD59 traffic from the cell surface to the parasitophorous vacuole membrane. Reduction of CD59 and, by extrapolation, of CD55 at the RBC surface would be expected to confer a PNH-like phenotype onto the cells. To test this contention, erythrophagocytosis experiments were performed with ring-stage infected RBCs. The results were impressive. It is known that CD36-mediated macrophage uptake of these cells occurs spontaneously [10] and that oxidized membrane lipids further augment this process [11] . The additional effect of bystander C3 deposition was revealed through shortening of experiments to 1 h. Erythrophagocytosis rates were below 20 % in controls, but approached 100 % with opsonized cells.
Direct evidence in support of the proposed concept emerged through immunohistochemical analyses of brain sections from autopsies of patients who had died of severe malaria. Sections were stained for activated C3 and C5b-9 and analyzed by polarized light microscopy in parallel. In the first investigation of this kind, myriads of hemozoin crystals were detected in the brain capillaries, in striking colocalization with activated complement. C5b-9 staining was undertaken with a monoclonal antibody that specifically recognizes the assembled C5b-9 complex. The findings thus provide irrefutable evidence that complement activation takes place at sites of DV liberation. Thereby, complement deposition appeared often to extend to neighboring RBCs, possibly reflecting contact-dependent bystander attack. Such stainings were never observed on RBCs that were located distant to the DVs.
Recent published data from animal experiments are in line with the concept that has emerged from the present investigation. Life spans of RBCs from non-infected mice were shortened when transfused into infected animals [36] . Vice versa, however, non-parasitized RBCs from infected animals had normal life spans in healthy recipients. These findings are expected since the majority of opsonized cells would be continuously removed in the infected animals and not be available for transfusion. The opposite observation indicates that, as argued here, the shortened life spans of uninfected RBCs are antibody independent and incurred by agents generated and present in the infected host. Figure 7 schematically illustrates the proposed principle of contact-dependent complement opsonization that marks cells for antibody-independent phagocytosis. Note that the numeric ratios of DV:RBC at any given location are possibly not the critical factor: rather, the number of total "hits" an erythrocyte acquires during its passage through the microcirculation likely decides its fate. Elements that counteract bystander complement attack including factor H and RBC-bound regulators will thereby come into play. In PNH patients, hypersusceptibility to DV-mediated bystander attack may predispose to anemia on the one hand, but conversely subserve a protective function by promoting premature lysis of infected cells. Clearly, many dynamic variables are likely to influence the duration and extent of bystander complement attack, and the contribution of this process to development of malarial anemia in the individual patient. 
